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Abstract 
Biodiversity becomes of increasing concern in management of marine ecosystems. 
Measures of biodiversity are numerous and have been largely developed. Biodiversity 
can be partitioned in different components that indicate, for example, spatial and 
temporal changes in any communities. Coastal fish communities in the Swedish Baltic 
Sea have a key role in ecosystem functioning and provide many ecosystem services. 
Therefore, monitoring biodiversity is essential as fish communities are under 
anthropogenic and environmental threats. In this study, Swedish coastal fish 
biodiversity is assessed at different spatial and temporal levels using alpha, beta and 
gamma diversities. Furthermore, as size is an important trait in fish ecology and is 
closely related to functions, biodiversity measures have also been estimated using size-
classes instead of species. While alpha and gamma diversities have higher diversity in 
size-class than in taxonomic classification, the opposite is observed in beta diversities. 
Overall, no clear spatial pattern following the north-south environmental gradient 
characterizing differences between areas is found, suggesting that other factors might 
influence biodiversity along the Swedish coast. However, beta diversities show 
diversity in species composition and regime dominance within area, especially in 
southern Sweden. Beta diversity at year level showed that coastal fish communities 
have been quite stable these last eleven years but with some changes. Such comparison 
between species- and size-based diversity provide additional information on 
biodiversity in the Baltic Sea and could help for management and future investigation.  
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Popular scientific summary  
Biodiversity assessment for coastal fish communities  
Human activities and environmental changes are considerable threats for species 
biodiversity. Coastal fish communities in the Baltic Sea play a key role in coastal 
ecosystems. Loss of fish biodiversity might lead to loss of ecological, economic and 
cultural values. For these reasons, biodiversity is of main concern in management of 
marine environments. Biodiversity is often expressed in terms of species, but 
biodiversity can also consider functional groups. Fish go across many different sizes as 
they grow and have different functions in the ecosystem depending on their size.  But 
how does species biodiversity reflect functional diversity? In this project, biodiversity of 
coastal fish communities was measured both as species diversity and size diversity at 
eleven areas along the Swedish coast over eleven years, from 2005 to 2015. I found that 
some areas might have high species diversity and low diversity of an important 
functional trait, body size. Other areas might be diverse in size spectrum but not in 
species, showing that functional diversity does not always relate to species diversity. 
When looking at biodiversity at a site, diversity was generally higher in terms of size 
than in terms of species. On the other hand, measures of diversity between samples 
within an area showed that there was less variation in the functional space of an area 
than in its species composition, with larger differences in species than in sizes. There 
was also stronger changes over time in species diversity than in diversity of sizes. 
Overall, size diversity was more stable over time and space in comparison to species 
diversity, suggesting that there is more chances to find fish of same sizes in all areas and 
across years than of same species. 
This work underlines the importance of estimating biodiversity changes and the 
necessity of including trait such as size in biodiversity measures. It provides a wider 
understanding of spatial and temporal changes that occur in fish communities in coastal 
ecosystems. These results could hopefully be useful for management and further 
investigations on coastal fish communities in the Baltic Sea. 
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 Introduction  
Biodiversity is a broad topic of great importance in ecology. It has many definitions and 
aspects and is defined by the Convention on Biological Biodiversity (CBD) as “the 
variability among living organisms, covering diversity within species, between species 
and of ecosystems” (Heywood 1995). Biodiversity is hence of great concern when it 
comes to management and conservation of natural environments, both in marine and 
terrestrial systems. Indeed, the relationship between biodiversity and ecosystems 
functioning and services has been discussed and reviewed in numerous studies 
(Hooper et al. 2005, Balvanera et al. 2006, Cardinale et al. 2012, Mace et al. 2012). Stability 
and resilience of ecosystems seem to be higher in native species-rich systems (Peterson 
et al. 1998), areas of high diversity have better chance to recover from disturbances 
(Worm et al. 2006) therefore ensuring the production of services. As a result, 
biodiversity prevents ecosystem change and should not be omitted in management 
(Elmqvist et al. 2003). Hence, monitoring and quantifying biodiversity and its changes is 
a crucial aspect of management, and requires biodiversity measures that cover as many 
aspects of biodiversity as possible, while still being easily comparable to other 
ecosystems or monitoring programs.   
Measures of biodiversity are usually restricted to the most classical diversity measures 
and are not integrated within a single unified framework, making quantitative 
comparison between studies rather difficult (Tuomisto 2010a). The measures of coastal 
fish biodiversity reported so far for the Baltic Sea only focuses on changes in α-
diversity, that is, on numerical variations of diversity levels at a local scale. The problem 
with α-diversity measures is that they do not account for species composition but solely 
focus on the species abundance distribution (SAD) profile of the community. A 
community could be fully replaced by another, if the SAD of the new community is 
similar, the change would be unnoticed by measures of α-diversity. On the other hand, 
β-diversities are explicit measures of biodiversity changes that account for species 
extinction, invasion, or changes in abundances (Whittaker 1972, Tuomisto 2010a, b) and 
as such they are an important and missing part of the biodiversity assessment in the 
Baltic Sea.  
One common way to study biodiversity is to look at taxonomic structure. However, 
species are also spatially distributed depending on their functional traits (Mouillot et al. 
2013) and functional structure of a community is equally relevant for responses to 
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disturbances (Mouillot et al. 2013). Fish grow continuously through life, and such 
aspects are relevant trait to take into account when assessing biodiversity. Indeed, fish 
have distinct functions or position in the food web depending on their size (Jennings et 
al. 2001, Cohen et al. 2002). Their growth leads to changes in their ecological role and 
size can therefore be used as an indicator of their ecological function. For example, 
small European perch (Perca fluviatilis) feed on zooplankton (Koli et al. 1988) and are 
themselves prey to piscivorous fish such as pike (Esox Lucius) while large Europoean 
perch (> 20cm) feed mostly on fish (Lappalainen et al. 2001) such as roach. Size variation 
is the result of interactions among individuals within and between species. 
Furthermore, some factors such as fishing are known to alter size-class distribution 
(Shephard et al. 2012) and therefore, some community changes might be better reflected 
by changes in size-class based diversity than by taxonomic-based diversity. Hence in 
this study, both taxonomic-based and size-class based diversity assessment will be 
considered. 
Coastal fish communities of the Baltic Sea take a major part in total biodiversity 
(HELCOM 2012) and are essential to ecosystems functioning (HELCOM 2009), as they 
have a key role in food-web interactions (Eriksson et al. 2011, Östman et al. 2016). They 
are mostly local communities (Saulamo & Neuman 2002), and vary depending on 
environmental conditions, habitat configuration and habitat quality. In the coastal areas 
of the Baltic Sea, communities are characterized by a mixture of freshwater and marine 
species (Olsson et al. 2012). It is known that factors such as salinity, temperatures and 
nutrients content have a strong influence on species composition and biodiversity 
(Thorman 1986, HELCOM 2006, Schiewer 2008, Olsson et al. 2012, Östman et al. 2016). 
Patterns evidenced so far showed that species richness was decreasing with salinity and 
that diversity is also influenced by the high variability in temperature due to shallow 
waters (Thorman 1986, Schiewer 2008). There is a great pressure on coastal ecosystems 
and coastal fish communities, both from human activities and environmental changes 
(HELCOM 2009), which is today of main concern in conservation and management. 
Olsson et al. (2012), for example, found an increase in water temperatures and a 
decrease in salinity that resulted, these last years, in a decline in marine species and 
cold-water species, and in an expansion of freshwater fish. Such monitoring allowed 
them to speculate on the role of future climate variations on fish population 
developments. For this reason, it is of importance to assess actual trends in coastal fish 
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communities at different spatial scales and to investigate temporal changes across the 
Baltic Sea (Ådjers et al 2006, Olsson et al. 2012). 
In this study, I would like to provide numerical measures of biodiversity and 
biodiversity changes for the Swedish coastal fish communities, hence bringing 
additional knowledge and clear quantification. As the Baltic Sea fish communities are 
expected to change according to climate or anthropogenic pressure, hopefully such 
knowledge can provide a numerical baseline against which these future changes could 
be evaluated (See Certain & Planque 2015 for a similar approach on the Barents Sea).  
The aim of this study is therefore to quantify biodiversity and biodiversity changes 
across different areas along the Swedish Baltic coast, both in terms of taxonomic 
diversity and size-based diversity. The main research questions are (1) Do biodiversity 
assessments differ depending on whether taxonomic or size-based measures are used? 
(2) How do biodiversity vary across areas? (3) How do biodiversity changes, i.e. β-
diversities, vary across areas? (4) Do potential differences between taxonomic- and size-
based biodiversity measures vary between areas?  
One hypothesis is that both assessments may differ because of size variation within 
species due dynamics within communities. Furthermore, these differences might vary 
between areas because size distribution is governed by food-web interactions (Jennings 
et al. 2001, Shin & Cury 2001) within local fish communities. Some changes across years 
are expected for each area, but these might be small as fish have long response to 
changes due to their longer generation. I expect different trends in biodiversity 
depending on the study area due to local differences in fish communities’ composition 
and to specific environmental conditions (Thorman 1986, Olsson et al. 2012), as the areas 
cover a large environmental gradient, characterized by decreasing salinity towards the 
north (HELCOM 2006, Schiewer 2008). 
 Methods 
2.1 Background  
2.1.1 Biodiversity monitoring and management in the Baltic Sea 
The Baltic Sea consists of a large brackish water body of 415,266 km2 (Schiewer 2008) 
located in Northern Europe and is subdivided into five main regions: Kattegat, Baltic 
Proper, Gulf of Bothnia, Gulf of Finland and Gulf of Riga. One of its main 
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environmental characteristic is its low salinity (which also decreases from south to 
north) that partly explains its low biodiversity (Schiewer 2008, Elmgren 1997).  
Coastal ecosystems of the Baltic Sea and its fish communities provide various 
ecosystem services, such as regulation of trophic structure, resilience to disturbances, 
food supply and recreation (Ahtiainen & Öhman 2014, Rönnbäck et al. 2007, Holmlund 
& Hammer 1999). Maintaining high biodiversity is often presented as an important 
objective in the Baltic Sea management strategies by the Helsinki commission 
(HELCOM 2007, 2009, 2012). HELCOM’s Baltic Sea Action Plan (BSAP) is aiming to 
maintain natural abundance and composition of fish communities by reaching good 
environmental conditions in these coastal habitats (HELCOM 2012, 2007). Two main 
environmental pressures are expected to affect the coastal ecosystems in the Baltic Sea, 
eutrophication and climate change. Eutrophication is a major concern (HELCOM 2007, 
Schiewer 2008, Elmgren 2001, Snickars et al. 2015) and can result in changes in fish 
community structure and function (Ådjers et al. 2006, HELCOM 2006, Bergström et al. 
2016), biodiversity (HELCOM 2009), and food web dynamics (Österblom et al 2007). 
Climate change is also a large-scale pressure which affects ecosystems, with expecting 
changes in water temperature and salinity, hence coastal Baltic fish communities and 
fisheries might be affected in the coming future (Mackenzie et al. 2007).   
To follow the temporal development of fish communities, monitoring has been 
conducted in the coastal areas of the Baltic Sea for more than fifty years, and HELCOM 
has coordinated regional and national monitoring programs since 2003 (HELCOM 
2015). Coastal fish communities are often used as indicators to evaluate environmental 
and ecological status of the Baltic Sea (HELCOM 2015, Bergström et al. 2016). The 
collected data such as CPUE (catch per unit effort) are commonly used in research and 
coastal fish communities status has been assess using indicators such as species 
diversity, size structure and trophic structure (HELCOM 2012). When diversity is 
estimated, it is generally described by calculating species richness, Shannon index or 
Simpson index.  
2.1.2 Biodiversity measures  
One of the most omnipresent patterns in community ecology is the species abundance 
distribution (SAD, Fig 1) which orders species following their abundances in the 
biodiversity samples and has the property of displaying a few very abundant species 
and many rare ones (McGill 2011). The numerical quantification of the amount of 
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biodiversity existing in a SAD is the purpose of diversity indices. Methods to calculate 
these indices are multiple and have constantly been improved since the middle of the 
20th century (Magurran 2004).  The first statistical developments to describe this pattern 
were initiated by Fisher (1943) who described the relation between species abundance 
and individuals’ abundance using a log-series distribution. Almost simultaneously, 
Preston (1948) proposed the use of the lognormal distribution for the same purpose.  
                                                                                                     
Figure 1 Example of SAD, here for fish in the Swedish coastal areas in the Baltic Sea in 2015,                               
with species 1 corresponding to European perch (Perca fluviatilis). 
Besides these statistical models, non-parametric metrics were also developed to describe 
SAD by measuring diversity, evenness or richness (McGill 2011). Their advantage was 
to provide numerical measures of biodiversity that was easy to understand while being 
free from distributional assumptions. Since then, non-parametric indices have been 
widely used to quantify biodiversity in ecology, such as the well-known Shannon 
diversity index. In a seminal paper, Hill (1973) proposed a mathematical generalization 
of the many non-parametric indices that had been proposed in the ecological literature. 
Diversity formulated as Hill’s numbers is the inverse of a generalized weighted mean of 
the frequencies of species’ abundance in a sample (Eq. 1). 
𝐷 = 1𝑞 / ?̅?𝑞 𝑖  , with   ?̅?
𝑞
𝑖 =  √∑ 𝑝𝑖
𝑆
𝑖=1 𝑝𝑖
𝑞−1𝑞−1      (Eq. 1) 
Hill’s formula provides a diversity measure expressed in term of “effective number of 
species”, i.e. the number of equally abundant virtual species that would provide the 
same diversity measure as the one seen in the sample. For communication and 
comparison purposes, having a diversity measure that directly relates to the concept of 
number of species is an advantage (Tuomisto 2010a). Other widely used indices such as 
10 
 
the Shannon index and the Simpson index have different measurement units: they 
express disorder (entropy) and probability, and albeit they correlate to diversity, they 
are not related to it as directly as Hill’s numbers are (Tuomisto 2010a). In Hill’s diversity 
measure, the weight given to abundant species is controlled by parameter q that ranges 
from 0 to +∞. When q=0, all species have the same weight regardless of their abundance 
and Hill’s diversity equates species richness (Hill 1973). As q increases, abundant 
species receive more weight over rare ones, meaning that Hill’s measure focuses more 
on the frequency profile of the dominant species in the community. Hill’s diversity 
connects to the Shannon index when q approaches 1, and connects to the Simpson index 
when q=2 (Hill 1973).  
 Biodiversity changes 
While Hill was focusing on the mathematical foundations of biodiversity measures, 
Whittaker (1972) was modifying the way these measures would be viewed and 
interpreted. He introduced the distinction between α- and β-diversity that can be 
extracted from total diversity, i.e. γ-diversity. The α-component measures diversity 
within a defined unit, a sample or an area for example, while β-diversity represents 
diversity between units and gives, for example, a measure of temporal or spatial 
changes. Tuomisto (2010a, b) showed that Hill numbers could be applied to extract α- 
and β- diversity. Partitioning diversity has been a great development in biodiversity 
measurements as it became possible to investigate how diversity within and between 
distinct units such as communities, sites or years changes at various levels. 
2.2 Study areas and fish data  
For this study, fish data were obtained from the database of Coastal Fish (KUL: 
http://www.slu.se/kul), which is managed by the Department of Aquatic Resources at 
SLU and the Swedish Agency for Marine and Water Management. This database store 
fish data collected within regional and national monitoring developed within the 
Swedish environmental monitoring framework. Information on sampling method was 
taken from the monitoring program written by Karlsson (2015).  
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Figure 2  Eleven study areas along the Swedish east coast of the Baltic Sea. 
The collection of fish abundance data is conducted in summer every year. In this study, 
eleven areas along the Swedish coast in the Baltic Sea were included, representing well 
the environmental gradient from south to north (Fig 2) (Table 1). The monitoring was 
initiated in 2002 in seven areas and was then extended to the whole set of areas from 
2005. Sampling takes place every year, which makes it possible to study the 
composition of coastal fish community and its variation. In general, sampling took place 
in August, except for a couple of areas and years for which samples were also registered 
for late July and early September. 
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Abbr.
Starting year of 
data collection
Salinity (psu)
Temperature (C°) during 
data collection 
Latitude Longitude Situation Nursery and recruitment 
Torhamn Tor 2002 6-8 7-23 56°7'0'' N 15°47'30.0'' E
Torhamn is an  archipelago 
and coastal waters do not 
have much exchange with  the 
open Sea. There is really little 
pollution. Natural reserves in 
this area are classified as 
Natura 2000 (Ericson et al. 
2016b).
There are recruitments 
envrionments for warm-water 
freshwater species in the inner 
archipelago (Ericson et al . 
2016b).
Kvädöfjärden Kva 2002 6-8 10-25 58°1'0'' N   16°46'30.0'' E 
Few human impacts in these 
coastal waters. The sampling 
area is conducted within 
nature reserve and some 
reserves in the surrounding 
are included in Natura 2000. 
Deep bottom but closed to 
open Sea. 
Recruitment areas are present.  
There is suitable spawning  
ground for  warm-water 
species such as perch, roach 
and pike, and cold-water 
species such as herring and 
whitefish (Ericson & Olsson 
2015).
Asköfjärden Ask 2005 3-6 10-21 58°48'42.0'' N 17°43'18.0'' E   
There are Natura 2000 areas 
and nature reserves. This site 
is relatively deep and 
exposed. 
The area  has few spawning 
and nursery areas for warm-
water species. There is 
appropriate recruitment 
environments for perch and 
pike in areas adjacent to 
sampling sites. Surrounded also 
by many spawning grounds for 
herring (Ericson 2014)
Lagnö Lag 2002 5-6 10-23 59°56'9.0'' N   18°80'45.0'' E 
This site is within a national 
park and many areas in the 
surrounding are nature 
reserves and Natura 2000 
sites.  There is some influence 
due to the ferries but no large 
emissions and pollution. 
(Karlsson & Ericson 2016)
Spawning and nursery areas 
especially for warm-water 
species. The southern parts of 
the area have also large 
spawning grounds for whitefish 
(Karlsson & Ericson 2016)
Forsmark For 2002  3-4 10-22 60°26'1.8'' N 18°09'43.8'' E   
Some parts of the area  are 
classified as nature reserves. 
This area is quite shallow. 
Species which prefer warm-
water have area for 
recruitment in the less exposed 
areas, cold water species the 
most common in the area that 
have recruitment area are 
herring and whitefish.
Långvindsfjärden Lan 2002 4-5 5-22 61°27'22.2'' N 17°09'56.4'' E   
Not affected by industrial 
emissions and low 
anthropogenic influence (SLU 
2013). This area is quite 
exposed and have good water 
exchange with the open sea. 
Recruitment sites for herring 
and whitefish (SLU 2013).
Gaviksfjärden Gav 2004 3-6 7-23 62°51'48.0'' N 18°16'33.0'' E   
Near Natura 2000 sites and 
nature reserves. This area is 
quite steep and deep. 
Many suitable spawning and 
nursery grounds for warm 
water species. This coastal area 
also includes a lot of 
recruitements environments 
for whitefish and herring 
(Hällbom 2014).
Norrbyn Nor 2002 3-5 7-24 63°32'1.2'' N   19°50'3.0'' E   
The bay is not receiving 
industrial wastewater. Some 
parts are included in the 
Natura 2000 network 
(Hällbom 2014). It is quite 
exposed. 
There is few recruitment areas 
for perch and pike, but many 
for whitefish (Hällbom 2014). 
Holmön Hol 2002 3-4 11-23 63°40'53.4'' N   20°52'31.2'' E   
Area has the satus of natura 
2000.  Limited influence of 
local discharge and pollution 
(Ericson et al.  2016a). A lot of 
shallow parts.
Shallow areas are good 
recruitment environments for 
warm-water species in the 
area,and the more open areas 
are spawning grounds for 
whitefish (Ericson et al . 2016a) 
Kinnbäcksfjärden Kin 2004 0.5-3 8-21 65°02'48.0'' N   21°31'6.0'' E   
Some Natura 2000 sites and 
nature reserves are present in 
the surrounding. 
Next to the bay there is shallow 
and
protected areas that are good 
for recrutiments, especially for 
warm-water species. But there 
is also nursery grounds for 
whitefish and herring (Hellböm 
2014). 
Råneå Ran 2002 0-2 10-25 65°49'58.2'' N 22°25'34.2'' E  
Internal coastal waters. This 
site has a high incidence of 
sulphide, this can affect fish 
recruitment and explain 
variations in fish stocks. Rapid 
warming of the water in the 
spring and early summer in 
the shallow  areas (Ericson 
2015).
Recruitment areas for warm 
water species, such as perch 
and pike.  Recruitment area for 
migratory fish and whitefish 
aswell  (Ericson 2015).  
Table 1 Eleven areas were investigated. In this table, information about salinity, temperature, location, 
and some characteristic are described. 
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2.3 Sampling method 
Fish sampling was carried out using Nordic multi-mesh gillnets. The nets were 1.8 m 
deep and 45 m long and fixed at the bottom. Each net was divided into 9 segments 
which were composed of different mesh sizes (10-60 mm). The sampling was 
randomized and depth-stratified (0-3m, 3-6m, 6-10m). Each site was between 400 and 
3000 ha and was divided into several fishing stations that were fished by one gillnet 
(=one sample). There was a maximum of 45 fishing stations per area and they were 
randomly placed at different depths, with a minimum of 10 stations per depth interval. 
Each station was fished one night every year. Generally, stations that were close to each 
other were not fished the same night and each station were separated by at least 125 m.  
Fish abundance, species, and length were recorded. In the analyses only fish with a 
length of 12 cm or greater were included. Indication on water temperature was also 
available. Longitude and latitude as well as depth were reported, in order to sample at 
the same station every year. 
2.4 Data preparation 
Monitoring did not start the same year for all areas (Table 1). Therefore, the analysis 
was limited to the time period 2005 to 2015. Sometimes, sampling was disturbed by 
events such as strong wind, seals or birds predation in the net. Such samples may have 
been biased by these interferences and were removed from the dataset prior to analysis. 
Between 2005 and 2015, 5871 samples (gillnets) were taken along the coastal areas. The 
final dataset took the shape of a N*S*K table with N being the number of sample nets, S 
the number of species and K the number of size classes considered in the dataset. This 
became the principal dataset used for the following analysis.  
2.5 Analyses 
In this study, I mainly used the concepts and formulations provided by Whittaker 
(1972) and Hill (1973) to assess biodiversity. Whittaker (1972) proposed to partition total 
diversity γ into α- and β- diversity to describe and quantify, for instance, changes across 
different spatial units and time periods. 
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Different α- and β-diversity measures were computed to produce the biodiversity 
assessment.  Conceptually, four measures named α-sample, β-sample, β-depth and β-
year were used. Each of them measures a specific component of biodiversity or 
biodiversity changes (Fig 3).  
In practice, Hill numbers (1973) are used to compute α- and γ-diversities, and β-
diversities are deduced from their ratios at consecutive levels. This method of 
hierarchical partitioning of diversity, used by Certain & Planque (2015), was applied to 
this study to be able to investigate on coastal fish biodiversity across regions and years. 
Each area was analyzed separately in order to be able to compare them later on and 
assess spatial heterogeneity.   
2.5.1 Partitioning of diversity 
α- and β-diversity can be linked by a multiplicative relationship and result in γ-
diversity which is the total species diversity in the dataset.  
 𝛼 ∗ 𝛽 = 𝛾   (Eq. 2)   
Expressed by Hill numbers, with 𝛾 expressing diversity for the whole dataset, α-
diversity quantifying diversity within samples, and β-diversity between samples 
(Tuomisto 2010a).   
𝐷𝑞 𝛾 = 𝐷
𝑞
𝛼 𝐷
𝑞
𝛽  (Eq. 3) 
Figure 3: Conceptual figure of sampling and the type of diversity measured. One area stratified in three depth intervals and 
containing several gillnets (samples) which contain a certain amount of fish and this for several years. γ-diversity as total diversity 
of one area, α-sample as average diversity within samples within year, β-sample as diversity between samples within depth interval 
within year, β-depth as diversity between depth intervals within a year and β-year as average diversity between years.  
β
-d
ep
th
 
α-sample 
γ 
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And it is possible to obtain β-diversity by:  
𝐷                     𝑞 𝛾/ 𝐷
𝑞
𝛼= 𝐷
𝑞
𝛽  (Eq. 4) 
In this study, partitioning of diversity was done for each area separately taking in 
account three levels: samples, depth strata and years (Fig 3). As biodiversity assessment 
has been done independently for each area, it is important to note that herein γ-
diversity is defined as the total diversity at the scale of the area and not at the regional 
scale. All the analyses were done with several distinct q values from 0 to 4, to adjust the 
weight given to dominant species and to provide a diversity profile.  
2.5.2 α-diversity 
The first step was to calculate α-sample, which corresponds to the average diversity 
within a single sample (gillnet). It is the inverse of the generalized weighted mean of all 
the proportional abundance of species in a sample, and can be written as follow 
(Tuomisto 2010a):  
𝐷𝑞 𝛼 = 1/ ?̅?
𝑞
𝑖|𝑗   (Eq. 5) 
With ?̅?𝑞 𝑖|𝑗 being the weighted mean of all the proportional abundance of species within 
each sample.  
 ?̅?𝑖|𝑗
𝑞 =  √∑ 𝑤𝑗𝑁𝑗=1 ∑ 𝑝𝑖|𝑗
𝑞𝑆
𝑖=1
𝑞−1
     (Eq. 6) 
With 𝑁 the total number of samples and 𝑤𝑗 the sample weight which represents the 
proportional fish abundance of sample j comparably to the whole dataset, i.e. the sum 
of the abundances of fish per species per gillnet divided by the total number of fish in 
the dataset.  
2.5.3 β-diversities 
From α-diversity, it was possible to extract several β-diversity values to quantify 
diversity between samples, between depth intervals and between years for each area, 
thus spatial and temporal changes and variation could be described. β-diversity 
measures were defined as followed (Fig 3): β-sample refers to diversity between 
samples within depth interval, within area, within year and is expressed as effective 
number of sample unit (gillnets). β-depth indicates diversity between depth intervals, 
within area, within year and is expressed as effective number of depth unit. β-year 
measures diversity between years within area, and is expressed as the effective number 
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of years, i.e. the number of virtual years that would have the same value of species 
diversity as the observed years, but entirely composed by different species.  
The following relationship links all α- and β-diversities to the total γ- diversity of the 
dataset:  to relate to γ and α diversity:  
𝐷𝑞 𝛾 =  𝐷
𝑞
𝛼 ∗  𝐷
𝑞
𝛽1 ∗  𝐷
𝑞
𝛽2 ∗ 𝐷
𝑞
𝛽3       (Eq. 7) 
With 1 for "sample”, 2 for “depth” and 3 for “year”. 
2.5.4 Sample size and uncertainty  
The integrated biodiversity assessment was based on bootstrapped dataset constructed 
by resampling. Indeed, sample size, in term of numbers of gillnets, varied between 
areas and between years, and it was necessary to subsample the data to make the 
analysis and avoid biased estimation of biodiversity due to varying sampling effort in 
the different study sites. Following the rarefaction approach (Magurran 2004), sample 
size was reduced by choosing randomly without replacement four samples for each 
depth interval*year*area combination. I randomly reconstructed 1000 of such 
subsamples, each being constituted of 1396 sample nets. Finally, the partitioning 
diversity analysis was done and the bootstrap enabled to extract the 95% confidence 
intervals together with the median. It was done by taking the 2.5% and 97.5% quantiles 
of the bootstrapped sampling distribution and the median of this distribution could be 
drawn.  
It is important to note that the subsampling process suffered from some minor 
problems due to the survey design. Mostly, the pool of sampled gillnets available for 
sub-sampling could be restricted in the 6-10m depth class. Indeed, due to disturbed 
stations, only four of such samples were available in Forsmark and Torhamn in 2010, 
while only two were available in Råneå in 2008. Moreover, no samples were taken at 
that depth interval in Holmön at all eleven years. Hence, Holmön was subsampled only 
for two depth intervals, while the year 2008 was not included for Råneå in the 
subsampling process. 
2.6 Species based diversity and Size based diversity: comparison  
Once the hierarchical partitioning of diversity was done for taxonomic diversity, I 
applied the same framework as described above to assess diversity based on size-
classes. Abundance of individuals in each size class was used to assess biodiversity. 
Fish were measured during data collection and classified in distinct size classes (each 
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centimeter was one class). In some classes, no individuals were registered. In this study, 
size classes were grouped 2x2 from 12 to 89 centimeters. This gave approximately the 
same amount of classes for size and species. One objective was to compare both 
assessments. Therefore, graphs of diversity profiles were created to compare both 
analyses. In the final synthesis graph, y-axis was containing diversity values for size-
based assessment and x-axis diversity values for species based assessment which made 
comparison possible. One graph for each diversity measures and all q values was 
created. Each area was represented by a color following a gradation from blue to red 
corresponding to geographic position of the areas from north to south.  
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 Results  
3.1 Descriptive statistics  
In the eleven areas, forty-two species were registered with twenty marine species, 
seventeen freshwater species and five brackish water species. The ten most abundant 
species registered in the whole dataset were European perch (Perca fluviatilis), Silver 
bream (Abramis bjoerkna), Bream (Abramis brama), Ruffe (Cernuus), Bleak (Alburnus 
alburnus), Roach (Rutilus rutilus), Smelt (Osmerus eperlanus), Baltic whitefish (Coregonus 
maraena), Vendace (Coregonus albula) and Baltic herring (Clupea harengus). In general, 
there was high abundance of fish in the range 12 to 20 centimeter, followed by 20 to 30 
cm and it was rare to find fish larger than 30 cm in the sampled material.  
             
 
Figure 4 Example of fish abundance per size class (left) and per species (right) in Råneå and in Torhamn, the most northern and 
most southern study areas, showing the most common species and size class and its variation from 2005 to 2015. 
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3.2 Hierarchical partitioning of diversity: example of one area  
The figure below (Fig 5) shows the result of the hierarchical partitioning of taxonomic 
diversity obtained for one area, Asköfjärden. It illustrates, for this area, that α-sample 
decreases rather quickly, suggesting an uneven distribution of individuals among 
species at the sample level. β-diversities are oscillating between 1 and 2. Among these, 
the “spatial” β-diversities, with β-sample that is diversity between samples within 
depth interval and within year (cyan) and the β-depth that is diversity between depth 
intervals within year (green) were the lowest, suggesting a rather homogeneous species 
composition over the whole sampling area. As this pattern is common across areas, 
estimates of β-depth and β-sample are grouped in the following sections under the term 
“beta sample*depth”. β-year was a bit higher, at least at low q values, showing that this 
area has undergone some changes in species composition through the years. However, 
since the β-year profile quickly drops as q increases, this suggests that these changes in 
community composition do not concern exclusively the most abundant species. For all 
profiles, confidence intervals are quite narrow, indicating a good precision of the 
biodiversity estimates. 
Figure 5:  Example of diversity profile for one area. The thick line is the median profile across the 1000 bootstrap subsamples, 
while dotted lines provides the 95% confidence intervals around the profile. Red is used for α-diversity profile at the sample level. 
Cyan, β-diversity profile between samples. Green, β-diversity profile between depth strata. Blue, β-diversity profile between 
years. 
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3.3 Taxonomic and size based α-diversity profiles 
 
Figure 6: Taxonomic-based (a) and size-based (b) diversity profile for α-sample for all areas are represented in the two first 
figures. The dotted lines provides the 95% confidence intervals around the median profile. Figures c) to e) show taxonomic- and 
size-based diversity for q=0, q=1.01 and q=2 for each area. Ran: Råneå, Kin: Kinnbäcksfjärden, Hol: Holmön, Nor: Norrbyn, Gav: 
Gaviksjfärden, Lan: Långvindsfjärden, For: Forsmark, Lag: Lagnö, Ask: Asköfjärden, Kva: Kvädöfjärden and Tor: Torhamn.  
In α-sample measures, it appears clearly that (1) α-diversity values are a little bit higher 
in size class diversity (Fig 6b) than species diversity (Fig 6a), (2) taxonomic profiles tend 
to be steeper (Fig 6a) than size class profiles (Fig 6b), suggesting that individuals in a 
sample are more unevenly spread across species than across size-classes and (3) there is 
no clear α-diversity patterns related to the north-south gradient of areas (Fig 6a-e). 
Furthermore, taxonomic and size-based diversity are not necessarily related. Some 
areas (Fig 6c; e.g. Norrbyn) have high taxonomic diversity but low size class diversity, 
but the opposite can also occur (Fig 6c; e.g. Råneå). Similar observations can be made 
for diversity values at q=1.01 and q=2 (Fig 6d, e).  Differences between both assessments 
are not the same for all areas.  
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3.4 Taxonomic and size based “spatial” β-diversities 
 
Figure 7 Taxonomic-based (a) and size-based (b) diversity profile for β-site (sample*depth) for all areas are represented in the two 
first figures. The dotted lines provide the 95% confidence intervals around the profile. Figures c) to e) show taxonomic- and size-
based diversity for β sample*depth at q=0, q=1.01 and q=2 with confidence intervals.  
Focusing on β-sample*β-depth, i.e. spatial diversity between samples and depth 
intervals within a year (Fig 7), two important patterns can be perceived. First, in the 
overall, spatial β-diversities are higher in taxonomic-based than in size-based measures, 
suggesting that between two samples of a given area, similar size classes are more likely 
to be found than similar species. For size-based diversity measures, β-diversity 
measures tend to increase again for higher q values which suggest that there are 
changes in size dominance regime. It is interesting to note that the profile for 
Kinnbäcksfjärden, in term of species-based β-site, is almost horizontal (Fig 7a), it has 
high β-diversity which indicates notable changes between samples both in term of 
species composition and dominance regime. However, this is not observed in size-
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based diversity (Fig 7b). The second pattern observed is a clear difference between 
north and south which can be noted particularly for low q values in species based β-
diversities and these contrast tend to dissipate at higher q values, meaning that 
differences in β-diversities between areas depends also on the weight given to 
dominant species (Fig 7a) and that they do not concern the most abundant species. 
Spatial variations between areas are more pronounced in species diversity than in size 
diversity.  
3.5 Taxonomic and size based “temporal” β-diversities 
 
Figure 8 Taxonomic-based (a) and size-based (b) diversity profile for β-year for all areas are represented in the two first figures. 
The dotted lines provides the 95% confidence intervals around the profile. Figures c) to e) show taxonomic- and size-based 
diversity for β-year at q=0, q=1.01 and q=2 with confidence intervals.  
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Generally there is more variation across years in species diversity than in size class 
diversity, with higher β-year diversity in species based measures than in size-based 
measure (Fig 8a,b). Changes in diversity across years show values between 1 and 2.1 (1 
means that all years are equals showing no changes). Greatest differences between years 
is seen when q=0 (Fig 8a,b), meaning some changes in species and size-class richness. 
However, when q=0 (Fig 8), there is large confidence intervals which suggests low 
precision for these measures. Almost no temporal changes in fish communities are seen 
in dominant species, i.e. when q=1.01 and q=2 (Fig 8a), except in Norrbyn. β-year 
diversity in terms of size-class increases from q=1.01 t o q=4, in all areas, indicating that 
dominance regime in size class vary more these last 11 years than intermediate 
abundant species.  Indeed, for some areas, there is a “minimum” in the profile, usually 
for q values between 0.5 and 1. Such minimum suggests that changes in abundance that 
have occurred through the years have principally concerned the most abundant species 
(or size class), but not the intermediate ones. This pattern is striking in Norrbyn in term 
of taxonomic diversity, or in Kinnbäcksfjärden and Holmön in size-class diversity. The 
very steep profiles are observed, suggesting that most temporal changes occur in term 
of species composition or size structure. Differences quickly disappear as more weight 
is given to species abundances. Some areas have similar profile with similar trends in 
size based and species based assessments but some may differ. Norrbyn and 
Gaviksfjärden tend to have greater changes in species diversity as q>1.01 than in 
diversity in terms of size class, while the other areas have the opposite. Not all areas 
have the same trends with varying q values. Northern sites have higher β-year diversity 
at high q values, either in size-based measures (Fig 8e; e.g. Kinnbäcksfjärden and 
Holmön), or taxonomic-based diversity (fig.8e; Norrbyn).  
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3.6 Synthesis: profiles comparison 
 
Figure 9 Graph comparing size based and species based measurements. Diversity profiles for a) α-sample, b) β- sample*depth, c) 
β-year and d) γ- diversity calculated at several q values from 0 to 4. Circles indicate diversity for q=0, cross for q=1.01, stars for 
q=2 and triangles for q=4. Each area has a different color in a gradient from red (south) to blue (north)  
This figure illustrates a synthesis of the previous figures, showing the concomitant 
evolution of both taxonomic and size-based profiles, illustrating the most important 
patterns demonstrated by the analysis which are (1) differences between species based 
and size based diversity, (2) spatial patterns between areas, considering the 
environmental gradient north-south, especially in β-diversities, (3) differences between 
α-diversity and β-diversity. Most profiles display a straight line oriented toward the 
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origin, which indicates that both size-based and taxonomy-based profiles have similar 
steepness. “Arc” profiles observed for Norrbyn and Holmön (Fig 9c) reveal steepness 
divergences between the taxonomic-based and the size-based profiles. The γ diversity 
profiles (Fig 9d) are rather similar to the α-diversity profiles, even if differences 
between size-based and taxonomic-based diversities have been reduced due to the 
multiplication with β-diversities. Overall, there is more variation between samples and 
between depth intervals in terms of species than in terms of size class and the spatial 
variation is also more pronounced in species diversity than in size diversity. Differences 
between both assessments are generally the same for all areas. The figure clearly shows 
the most important pattern, that is, first higher size-based α-diversity (Fig 9a) and 
higher taxonomic-based β-diversities (Fig 9b,c). By comparing both assessments of 
biodiversity - species based and size based diversity - it is notable in the overall (Fig 9a-
d) that a species poor area can be diverse in size class and reciprocally (Fig 9a; e.g. 
Råneå and Lagnö, respectively). While α-diversity and γ-diversity show higher 
diversity in size based assessment than species based, β-diversities show more diversity 
changes in species than in size class.  In general, γ-diversity is higher when based on 
size-class than based on taxonomic classification, but the spatial differences are greater 
in taxonomic than size-based diversity (Fig 9d).  
γ-diversity representing total diversity shows almost no spatial heterogeneity between 
areas in any of the two biodiversity measures with the highest q value (Fig 9d), but 
spatial differences can be noted, especially in species, when q is low. γ- and α-diversity 
show that in average, biodiversity varies between areas, but no general pattern can be 
found. Spatial pattern along the environmental gradient north-south is noticed in β-
diversities in term of spatial taxonomic-based β-diversities (Fig 9b) with southern sites 
displaying more local heterogeneities in term of species composition than in term of 
size. Differences in biodiversity between areas depend foremost on how sensitive the 
measure is to dominant species, i.e. to q, and also on whether it is measured in terms of 
species or size-class diversity (Fig 9a,b,c,d). In contrast to γ- and α- diversity, β-
diversity does not decrease uniformly with q. When q= 1.01, there is almost no changes 
for both assessments with values smaller than 1.5, but there is still more variation in 
species composition.  When q > 2, size class diversity increases in all areas (Fig 9b). In 
the overall β-year is smaller than β-sample*depth. 
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 Discussion and conclusions 
4.1 Size class- versus taxonomic-based assessment 
The analysis revealed that taxonomic- and size-based diversity measures within 
Swedish coastal fish communities are not strongly related. Indeed, some areas having 
high size-class diversity may have low species diversity and reciprocally.  Disparities 
between taxonomic- and size-based diversity measures were expressed differently in 
term of α- and β-diversity. The overall pattern is that, locally, size-class diversity is 
higher than species diversity but that diversity changes, and especially spatial diversity 
variation between samples within an area is stronger in term of taxonomic diversity 
than size-class diversity. It is interesting to note that this pattern was clearly evidenced 
for all sites. Hence, it can be concluded that whatever the species composition, a large 
part of the size spectra is likely covered locally by the fish community and hence no 
large differences in size spectra are likely to be observed from one sample to another. 
Size structures in fish communities have quite the same aspect in all areas along the 
Swedish coast. Hence, it seems that there is less variation in the functional space of an 
area than in its species composition.  
The question if this observation is valid for any fish communities or if it is a specificity 
of this case study can be raised, but recent studies points towards the fact that 
differences between taxonomic and size-based diversities in fish may display complex 
patterns and do not present simple explanations as very little is known in the evolution 
of fish size and spatial distribution of body size with many overlapping niches (Steele & 
López-Fernández 2014). Individuals can share the same trophic niche by having the 
same prey even if they do not belong to the same species (Quintana et al. 2006), which 
make interactions between size classes relevant. Nevertheless, presuming that size is a 
proxy for function, results showed by the analysis imply that a fish community at one 
location provides a wide range of functions, whatever species are present, and that 
changes in species distribution from one location to another does not affect much the 
range of functions provided. This could mean that size range brings new information to 
the biodiversity assessment and as such it needs to be included within the diversity 
assessment. 
Other studies (Quintana et al. 2006, Badosa et al. 2007) investigated on such comparison, 
using both size-based assessment and species-based assessment to describe 
communities’ composition and dynamics in different aquatic systems and they 
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concluded that size-based diversity provides additional information on ecological 
processes in aquatic communities. Using both allow a better understanding of the 
dynamics, especially when communities are dominated by a few species (Quintana et al 
2006). A comparison of size and species diversity in zooplankton showed that size 
diversity is related with biotic interaction while species diversity is more related to 
abiotic factors (Badosa et al. 2007). One interpretation for the pattern in this study is 
therefore that in the Swedish coastal fish communities of the Baltic Sea, size classes are 
more similar in all areas along the environmental gradient north-south because size 
structure is less structured by abiotic gradients than species structure. This could be a 
reason for finding smaller differences between areas in term of size class. Pecuchet et al. 
(2016) used traits to define ecological niche of a community and also underlined that 
traits indicate that community composition is not only influenced by abiotic drivers but 
also by biotic interactions.  
These findings in term of functions should be considered as preliminary, and much 
remains to do to better characterize functional diversity for the coastal fish communities 
in the Baltic Coast. More functional traits need to be included, and integrated functional 
diversity indices based on Hill’s diversity could be used (Chiu & Chao 2014). Leinster & 
Cobbold (2012) also suggested such method to describe species similarity to assess 
phylogenetic and functional diversity using a formula based on Hill numbers, just like 
Chao et al. (2014). These finding giving less emphasis on taxa and more on species 
similarity or differences in terms of functions (Chao et al. 2014) are relevant for 
biodiversity assessment and trait such as size could be included in these types of 
diversity measures. It is however interesting to compute both measures – based on size 
class and based on species – separately to be able to compare them and extract the 
trends for each independently. One methodological issue might also be that size is a 
continuum variable and sizes are grouped in distinct classes and depending on the 
chosen range of size classes, the diversity might be different for the same community 
(Ruiz 1994). Functional distance should also be calculated between size-classes to give 
more accurate results on functionality (Leinster & Cobbold 2012).  
4.2 North-south gradient in term of biodiversity 
γ- and α-diversity do not show any clear spatial patterns following the environmental 
gradient involving variation in water temperatures, decreasing salinity from south to 
north as it could be expected. These results indicate that spatial variation in biodiversity 
between areas is not so obvious and simple and others factors might be involved.  
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On the other hand, β-site measures show heterogeneity in species composition in all 
areas. β-sample*depth shows that variation of species within area is higher in sites in 
the south than in the north of Sweden. This variation is especially pronounced in 
species diversity in the south at low q value and also in the north at high q value. This 
shows that the north-south diversity gradient previously evidenced in the fish coastal 
community by Olsson et al. (2012) & Ådjers et al. (2006) for example, might result from 
higher diversity changes between samples in term of species composition, as α-
diversities are fairly similar along the north-south gradient, but the “spatial” β-
diversities are not. This indicates that local heterogeneities in communities’ composition 
are higher in the most southern sites. One next step to understand this pattern would be 
to link these β-diversity measures to measures of habitat heterogeneity, to understand if 
the signature observed in the β-diversities are driven by the underlying landscape and 
habitats. If not, this means that other processes must be advocated such as maybe 
differences in species movement patterns, with species more actively moving and 
mixing with others in the most northern areas, therefore lowering ”spatial” β- 
diversities.     
One parameter influencing species composition could be the configuration of the 
coastal areas. Composition might vary depending on the shallowness of waters and the 
exchange waters with the open Sea; depending if it is an inner archipelago, an area 
opened or closed to the open Sea. Indeed, the Swedish coastline is long and the habitats 
are various depending on environmental and geological conditions (Schiewer 2008). All 
study areas are coastal waters and almost all of them are not directly influenced by 
human impact and are within protected areas (Table 1).  As previously seen (Thorman 
1986, HELCOM 2006, Schiewer 2008, Olsson et al. 2012), factors such as water 
temperature, salinity and connection to open waters might influence fish communities 
and should be further investigated to see if any significant correlation with the 
biodiversity measures. Therefore, it would be interesting also to see how environmental 
and physical variables may be statistically related with these biodiversity 
measurements.  
4.3 Temporal biodiversity changes for the coastal fish community 
Temporal changes have been noted in this study as in many others studies, significant 
changes in species abundance and composition in coastal fish communities occur in the 
Baltic Sea through long time periods (Ådjers et al. 2006, Bergström et al. 2016, Ojaaver et 
al. 2010, Olsson et al. 2015, Köster et al. 2003). These developments are generally area-
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specific depending on different environmental factors (Olsson et al. 2015). However, in 
this study, temporal change is represented by numerical diversity values, i.e. β-year. 
The results of the analysis revealed some temporal changes in biodiversity but these 
have not been very strong over the monitored period, suggesting a good stability of the 
coastal fish community of the Baltic Coast. As seen in β-year, changes both in size 
structure and species composition are minors. One explanation could be that eleven 
years’ time period is not long enough long to investigate on changes in fish 
communities that may take longer time to have clear drift in their composition or to see 
drastic change in biodiversity. Some sites such as Norrbyn displayed significant 
temporal changes in dominance regime, which could be explained by the increase in 
smelt and decrease in perch, for example (Fig 10).  But such regime changes were not 
noted in size-classes. But overall temporal variability in community composition was 
lower than the “spatial” variation for most sites. 
Changes in fish communities could be amplified in future years as salinity and 
temperature might changes with ongoing climate change (Genner et al. 2010, Olsson et 
al. 2012, MacKenzie et al. 2007) as well as the impact on species diversity and size 
diversity (Collie & Rochet 2010). For these reasons, such measures as β-year are really 
informative and it would be interesting to look at in the coming future monitoring and 
compare to previous assessments.  
 
 
 
Figure 10 Barplots showing changes in dominant species 
composition these last eleven years in Norrbyn.  
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4.4 Extending this biodiversity assessment: going further? 
The present study laid the first steps of what could become a general use for the 
assessment of fish biodiversity in the Baltic Sea. This application could be improved in a 
large number of ways. First, it would be interesting to extend these results to the whole 
Baltic coast, to see if evidenced pattern in term of α-and β-diversity remains the same 
when studied over a larger scale. Second, explicit distance in both size-based and 
taxonomic-based community compositions between areas should be quantified and 
linked to the actual geographical distance between sites, in order to reveal some 
indication on areas connectivity. Third, the whole statistical framework could be 
updated to produce a biodiversity assessment that integrates species function explicitly 
through an extensive species*traits matrix, including traits such as size, trophic level, 
age, etc. Lastly, additional information regarding the environmental characteristics of 
each areas should be included as well, in order to link the observed patterns of diversity 
and diversity changes with their potential drivers, hence increasing the ability to predict 
the fate of diversity under changing pressure scenarios.  
4.5 Conclusions 
By partitioning biodiversity in its several components, it was possible to see how 
species composition and size structure vary between and within areas, and across years. 
Size-based biodiversity and species-based biodiversity showed different trends in all 
diversity measures. Coastal fish diversity varies between areas even if no strong 
pattern, following the environmental gradient characterized by decreasing salinity and 
different local climate, were found. These assessments could be used as a reference for 
future investigation on biodiversity along the coastal areas of the Baltic Sea and could 
be extended to a larger scale. Secondly, these findings show an explicit link to function 
and ecological processes within the coastal fish communities that explicitly address 
questions regarding ecosystem services. This information may be useful for current and 
future management. One further research based on these biodiversity measurements 
could be the estimation of the provision of an ecosystem service such as recreational 
fishing by using methods of valuing and quantifying this service by assessing fishers 
preferences in term of fish size catch to obtain sociological information regarding the 
production of a service across monitored sites on the Baltic Coast.  
 
 
31 
 
 Acknowledgements 
I first and foremost would like to thank my supervisor Grégoire Certain for the help, 
guidance and encouragements throughout this project. Thanks also to my co-
supervisors, Anna Gårdmark and Jens Olsson.  
Thank you all for the nice welcome in Öregrund, it was a pleasure to work a few times 
at the Kustlab. Thanks to my friends from Stockholm, it was fun and motivating to 
work all together in the “cave”! And finally, thanks to my family and friends in 
Switzerland and elsewhere, you are never too far to give me great support.  
 References 
Adjers, K., Appelberg, M., Eschbaum, R., Lappalainen, A., Minde, A., Repecka, R., & Thoresson, G. (2006). 
Trends in coastal fish stocks of the Baltic Sea. Boreal Environment Research, 11(1), 13-25. 
Ahtiainen, H., & Öhman, M. C. (2014). Ecosystem services in the Baltic Sea: valuation of marine and 
coastal ecosystem services in the Baltic Sea. Nordic Council of Ministers. 
Badosa, A., Boix, D., Brucet, S., López-Flores, R., Gascón, S., & Quintana, X. D. (2007). Zooplankton 
taxonomic and size diversity in Mediterranean coastal lagoons (NE Iberian Peninsula): Influence of 
hydrology, nutrient composition, food resource availability and predation. Estuarine, Coastal and Shelf 
Science, 71(1–2), 335–346. http://doi.org/10.1016/j.ecss.2006.08.005 
Balvanera, P., Pfisterer, A. B., Buchmann, N., He, J.-S., Nakashizuka, T., Raffaelli, D., & Schmid, B. (2006). 
Quantifying the evidence for biodiversity effects on ecosystem functioning and services. Ecology Letters, 
9(10), 1146–1156. http://doi.org/10.1111/j.1461-0248.2006.00963.x 
Bergström, L., Heikinheimo, O., Svirgsden, R., Kruze, E., Ložys, L., Lappalainen, A., Saks, L., Minde, A., 
Dainys, J., Jakubaviciute, E.,Adjers, K., Olsson, J. (2016). Long term changes in the status of coastal fish in 
the Baltic Sea. Estuarine, Coastal and Shelf Science, 169, 74–84. http://doi.org/10.1016/j.ecss.2015.12.013 
Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., Narwani, A., Mace, G.M, 
Tilman, D., Wardle, D.A., Kinzig, A.P., Daily, G.C., Loreau, M., Grace, J.B., Larigauderie, A., Srivastava, 
D.s., Naeem, S. (2012). Biodiversity loss and its impact on humanity. Nature, 486(7401), 59–67. 
http://doi.org/10.1038/nature11148 
Certain, G., & Planque, B. (2015). Biodiversity baseline for large marine ecosystems: an example from the 
Barents Sea. ICES Journal of Marine Science: Journal Du Conseil, 72(6), 1756–1768. 
http://doi.org/10.1093/icesjms/fsv040 
Chao, A., Chiu, C.-H., & Jost, L. (2014). Unifying Species Diversity, Phylogenetic Diversity, Functional 
Diversity, and Related Similarity and Differentiation Measures Through Hill Numbers. Annual Review of 
Ecology, Evolution, and Systematics, 45(1), 297–324. http://doi.org/10.1146/annurev-ecolsys-120213-091540 
32 
 
Chiu, C.-H., & Chao, A. (2014). Distance-Based Functional Diversity Measures and Their Decomposition: 
A Framework Based on Hill Numbers. PLoS ONE, 9(7), 1–17. 
http://doi.org/10.1371/journal.pone.0100014 
Cohen, J. E., Jonsson, T., & Carpenter, S. R. (2003). Ecological community description using the food web, 
species abundance, and body size. Proceedings of the National Academy of Sciences, 100(4), 1781–1786. 
http://doi.org/10.1073/pnas.232715699 
Collie, J., & Rochet, M.-J. (2010). Temporal Changes in the Diversity of Shelf-sea Fish Communities. 
Presented at the ICES Annual Science Conference, 20-24 Septembre 2010, Nantes. Retrieved from 
http://archimer.ifremer.fr/doc/00029/13992/ 
Elmgren, R. A. G. N. A. R., & Hill, C. (1997). Ecosystem function at low biodiversity—the Baltic example. 
Marine biodiversity: patterns and processes, 319-336. 
Elmgren, R. (2001). Understanding Human Impact on the Baltic Ecosystem: Changing Views in Recent 
Decades. AMBIO:  A Journal of the Human Environment, 30(4), 222–231. http://doi.org/10.1579/0044-7447-
30.4.222 
Elmqvist, T., Folke, C., Nyström, M., Peterson, G., Bengtsson, J., Walker, B., & Norberg, J. (2003). 
Response diversity, ecosystem change, and resilience. Frontiers in Ecology and the Environment, 1(9), 488–
494. http://doi.org/10.1890/1540-9295(2003)001[0488:RDECAR]2.0.CO;2 
Ericson, Y.(2014). Faktablad från regional kustfiskövervakning i Egentliga Östersjön. Asköfjärden 2005-
2014 
Ericson, Y. (2015). Faktablad – Resultat från övervakningen av kustfisk 2015:3. Råneå (Bottniska viken) 
2002-2015 
Ericson, Y och Olsson, J. (2015). Faktablad – Resultat från övervakningen av kustfisk. 2015:1. 
Kvädöfjärden (Egentliga Östersjön).1989-2014 
Ericson, Y., Larsson, Å., Faxneld, S., Bignert, A., Danielsson, S., Hanson, N., Karlsson, M., Nyberg, E., 
Olsson, J., Parkkonen, J, Franzén, F., Förlin, L. (2016a).Faktablad från integrerad kustfiskövervakning 
2016:2. Holmön (Bottniska viken) 1989-2015. 
Ericson, Y., Larsson, Å., Faxneld, S., Bignert, A., Danielsson, S., Hanson, N., Karlsson, M., Nyberg, E., 
Olsson, J., Parkkonen, J., Franzén, F.,Förlin, L. (2016b). Faktablad från Integrerad kustfiskövervakning 
2016:4. Torhamn (södra Egentliga Östersjön) 2002-2015. 
Eriksson, B. K., Sieben, K., Eklöf, J., Ljunggren, L., Olsson, J., Casini, M., & Bergström, U. (2011). Effects of 
Altered Offshore Food Webs on Coastal Ecosystems Emphasize the Need for Cross-Ecosystem 
Management. AMBIO, 40(7), 786–797. http://doi.org/10.1007/s13280-011-0158-0 
Fisher, R. A., Corbet, A. S., & Williams, C. B. (1943). The Relation Between the Number of Species and the 
Number of Individuals in a Random Sample of an Animal Population. Journal of Animal Ecology, 12(1), 42–
58. http://doi.org/10.2307/1411 
33 
 
Genner, M. J., Sims, D. W., Southward, A. J., Budd, G. C., Masterson, P., Mchugh, M., Rendle, P., Southall, 
E.J., Wearmouth, V.J., Hawkins, S. J. (2010a). Body size-dependent responses of a marine fish assemblage 
to climate change and fishing over a century-long scale. Global Change Biology, 16(2), 517–527. 
http://doi.org/10.1111/j.1365-2486.2009.02027.x 
HELCOM (2006). Changing Communities of Baltic Coastal Fish. Executive summary: Assessment of 
coastal fi sh in the Baltic Sea. Balt. Sea Environ. Proc. No. 103 B 
HELCOM (2007). HELCOM Baltic Sea Action Plan. Helsinki Commission, Helsinki. 103 pp. Available 
at:http://www.helcom.fi /BSAP/ActionPlan/en_GB/ ActionPlan (viewed 7 April 2016) 
HELCOM (2009). Biodiversity in the Baltic Sea – An integrated thematic assessment on biodiversity and 
nature conservation in the Baltic. Sea. Balt. Sea Environ. Proc. No. 116B. 
HELCOM (2012). Indicator based assessment of coastal fi sh community status in the Baltic Sea 2005-2009. 
Balt. Sea Environ. Proc. No. 131 
HELCOM (2015). Abundance of coastal fish key functional groups. HELCOM core indicator report. 
Online. [2016.05.07], [http://www.helcom.fi/baltic-sea-trends/indicators/abundance-of-coastal-fish-key-
functional-groups/].  
Heywood, V.H. (ed.) (1995) Global biodiversity assessment. Cambridge, UK: Cambridge University Press.  
Hill, M. O. (1973). Diversity and Evenness: A Unifying Notation and Its Consequences. Ecology, 54(2), 
427–432. http://doi.org/10.2307/1934352 
Holmlund, C. M., & Hammer, M. (1999). Ecosystem services generated by fish populations. Ecological 
Economics, 29(2), 253–268. http://doi.org/10.1016/S0921-8009(99)00015-4 
Hooper, D. U., Chapin, F. S., Ewel, J. J., Hector, A., Inchausti, P., Lavorel, S., Lawton, J.H., Lodge, D.M., 
Loreau, M., Naeem, S., Schmid, B., Setälä, H., Symstad, A.J., Vandermeer, J., Wardle, D. A. (2005). Effects 
of Biodiversity on Ecosystem Functioning: A Consensus of Current Knowledge. Ecological Monographs, 
75(1), 3–35. http://doi.org/10.1890/04-0922 
Hällbom, M. (Red.) (2014a) Faktablad från regional kustfiskövervakning i Bottniska viken, 2014. 
Kinnbäcksfjärden 2004-2013.  
Hällbom, M. (Red.) (2014b). Faktablad från regional kustfiskövervakning i Bottniska viken, 2014. 
Gaviksfjärden 2004-2013 
Hällbom, M. (Red.) (2014c). Faktablad från regional kustfiskövervakning i Bottniska viken, 2014. Norrbyn 
2002-2013. 
Jennings, S., Pinnegar, J. K., Polunin, N. V. C., & Boon, T. W. (2001). Weak cross-species relationships 
between body size and trophic level belie powerful size-based trophic structuring in fish communities. 
Journal of Animal Ecology, 70(6), 934–944. http://doi.org/10.1046/j.0021-8790.2001.00552.x 
Karlsson, M. (2015). Provfiske I Östersjöns kustområde – Djustratifierat provfiske med Nordiska 
kustöversiksnät. Version 1:3 2015-02-18 
34 
 
Karlsson, E. & Ericson, Y. (2016). Faktablad – Resultat från övervakningen av kustfisk. 2016:1. Lagnö 
(Egentlige Östersjön) 2002-2015. 
Koli, L., Rask, M., Viljanen, M., & Aro, E. (1988). The diet of perch, Perca fluviatilis L., at Tvärminne, 
northern Baltic Sea, and a comparison with two lakes. Aqua Fennica, 18(2), 1988. 
Köster, F. W., Möllmann, C., Neuenfeldt, S., Vinther, M., St John, M. A., Tomkiewicz, J., Voss, R., 
Hinrichsen, H-H., MacKenzie, B., Kraus, G. & Schnack, D. (2003). Fish stock development in the central 
Baltic Sea (1974–1999) in relation to variability in the environment. In ICES Marine Science Symposia (Vol. 
219, pp. 294-306). 
Lappalainen, A., Rask, M., Koponen, H., & Vesala, S. (2001). Relative abundance, diet and growth of 
perch (Perca fluviatilis) and roach (Rutilus rutilus) at Tvaerminne, northern Baltic Sea, in 1975 and 1997: 
responses to eutrophication? Boreal Environment Research, 6(2), 107-118. 
Leinster, T., & Cobbold, C. A. (2012). Measuring diversity: the importance of species similarity. Ecology, 
93(3), 477–489. http://doi.org/10.1890/10-2402.1 
Mace, G. M., Norris, K., & Fitter, A. H. (2012). Biodiversity and ecosystem services: a multilayered 
relationship. Trends in Ecology & Evolution, 27(1), 19–26. http://doi.org/10.1016/j.tree.2011.08.006 
Mackenzie, B. R., Gislason, H., Möllmann, C., & Köster, F. W. (2007). Impact of 21st century climate 
change on the Baltic Sea fish community and fisheries. Global Change Biology, 13(7), 1348–1367. 
http://doi.org/10.1111/j.1365-2486.2007.01369.x 
McGill, B.J. Species abundance distributions. (2011). In Magurran, A. & McGill B. J. (Eds.), Biological 
diversity frontiers in measurement and assessment. (pp.105-122). New York: Oxford University Press Inc. 
Magurran, A.E. (2004). Measuring Biological Diversity. Blackwells.  
Mouillot, D., Graham, N. A. J., Villéger, S., Mason, N. W. H., & Bellwood, D. R. (2013). A functional 
approach reveals community responses to disturbances. Trends in Ecology & Evolution, 28(3), 167–177. 
http://doi.org/10.1016/j.tree.2012.10.004 
Ojaveer, H., Jaanus, A., MacKenzie, B. R., Martin, G., Olenin, S., Radziejewska, T., Telesh, I., Zettler, M.L., 
& Zaiko, A. (2010). Status of Biodiversity in the Baltic Sea. PLOS ONE, 5(9), e12467. 
http://doi.org/10.1371/journal.pone.0012467 
Olsson, J., Bergström, L., & Gårdmark, A. (2012). Abiotic drivers of coastal fish community change during 
four decades in the Baltic Sea. ICES Journal of Marine Science: Journal Du Conseil, fss072. 
http://doi.org/10.1093/icesjms/fss072 
Olsson, J., Tomczak, M. T., Ojaveer, H., Gårdmark, A., Põllumäe, A., Müller-Karulis, B., Ustups, D., 
Dinesen, G.E., Peltonen, H., Putnis, I., Szymanek, L., Simm, M., Heikinheimo, O., Gasyukov, P., Axe, P. & 
Bergström, L. (2015). Temporal development of coastal ecosystems in the Baltic Sea over the past two 
decades. ICES Journal of Marine Science: Journal Du Conseil, fsv143. http://doi.org/10.1093/icesjms/fsv143 
35 
 
Österblom, H., Hansson, S., Larsson, U., Hjerne, O., Wulff, F., Elmgren, R., & Folke, C. (2007). Human-
induced Trophic Cascades and Ecological Regime Shifts in the Baltic Sea. Ecosystems, 10(6), 877–889. 
http://doi.org/10.1007/s10021-007-9069-0 
Östman, Ö., Eklöf, J., Eriksson, B. K., Olsson, J., Moksnes, P.-O., & Bergström, U. (2016). Top-down 
control as important as nutrient enrichment for eutrophication effects in North Atlantic coastal 
ecosystems. Journal of Applied Ecology, n/a-n/a. http://doi.org/10.1111/1365-2664.12654 
Pecuchet, L., Trnroos, A., & Lindegren, M. (2016). Patterns and drivers of fish community assembly in a 
large marine ecosystem. Marine Ecology Progress Series, 546, 239–248. http://doi.org/10.3354/meps11613 
Peterson, G., Allen, C. R., & Holling, C. S. (1998). Ecological Resilience, Biodiversity, and Scale. 
Ecosystems, 1(1), 6–18. 
Preston, F. W. (1948). The Commonness, And Rarity, of Species. Ecology, 29(3), 254–283. 
http://doi.org/10.2307/1930989 
Quintana Pou, X., Boix Masafret, D., Badosa i Salvador, A., Brucet Balmaña, S., Compte Ciurana, J., 
Gascón Garcia, S., Lopez I Flores, R., Sala Genoher, J. & Moreno i Amich, R. (2006). Community structure 
in mediterranean shallow lentic ecosystems: size-based vs. taxon-based approaches. Retrieved from 
http://dugi-doc.udg.edu//handle/10256/7888 
Ruiz, J. (1994). The measurement of size diversity in the pelagic ecosystem. Scientia Marina, 58(1) 103-107. 
Rönnbäck, P., Kautsky, N., Pihl, L., Troell, M., Söderqvist, T., & Wennhage, H. (2007). Ecosystem Goods 
and Services from Swedish Coastal Habitats: Identification, Valuation, and Implications of Ecosystem 
Shifts. AMBIO:  A Journal of the Human Environment, 36(7), 534–544. http://doi.org/10.1579/0044-
7447(2007)36[534:EGASFS]2.0.CO;2 
Saulamo, K., Neuman, E. (2002). Local management of Baltic fish stocks – significance of migrations. Finfo 
2002, No. 9 
Schiewer, U. (2008). Ecology of Baltic coastal waters. Springer. 
Shephard, S., Fung, T., Houle, J. E., Farnsworth, K. D., Reid, D. G., & Rossberg, A. G. (2012). Size-selective 
fishing drives species composition in the Celtic Sea. ICES Journal of Marine Science: Journal Du Conseil, 
69(2), 223–234. http://doi.org/10.1093/icesjms/fsr200 
Shin, Y.-J., & Cury, P. (2001). Exploring fish community dynamics through size-dependent trophic 
interactions using a spatialized individual-based model. Aquatic Living Resources, 14(2), 65–80. 
http://doi.org/10.1016/S0990-7440(01)01106-8 
Sveriges lantbruksuniversitet (SLU). (2013). Faktablad från regional kustfiskövervakning i Bottniska 
viken, 2012. Långvindsfjärden 2002-2012. 
Snickars, M., Weigel, B., & Bonsdorff, E. (2015). Impact of eutrophication and climate change on fish and 
zoobenthos in coastal waters of the Baltic Sea. Marine Biology, 162(1), 141–151. 
http://doi.org/10.1007/s00227-014-2579-3 
36 
 
Steele, S. E., & López-Fernández, H. (2014). Body Size Diversity and Frequency Distributions of 
Neotropical Cichlid Fishes (Cichliformes: Cichlidae: Cichlinae). PLOS ONE, 9(9), e106336. 
http://doi.org/10.1371/journal.pone.0106336 
Thorman, S. (1986). Seasonal colonisation and effects of salinity and temperature on species richness and 
abundance of fish of some brackish and estuarine shallow waters in Sweden. Ecography, 9(2), 126–132. 
http://doi.org/10.1111/j.1600-0587.1986.tb01201.x 
Tuomisto, H. (2010a). A consistent terminology for quantifying species diversity? Yes, it does exist. 
Oecologia, 164(4), 853–860. http://doi.org/10.1007/s00442-010-1812-0 
Tuomisto, H. (2010b). A diversity of beta diversities: straightening up a concept gone awry. Part 1. 
Defining beta diversity as a function of alpha and gamma diversity. Ecography, 33(1), 2–22. 
http://doi.org/10.1111/j.1600-0587.2009.05880.x 
Whittaker, R. H. (1972). Evolution and Measurement of Species Diversity. Taxon, 21(2/3), 213–251. 
http://doi.org/10.2307/1218190 
Worm, B., Barbier, E. B., Beaumont, N., Duffy, J. E., Folke, C., Halpern, B. S., Jackson, J.B.C., Lotze, H.K., 
Micheli, F., Palumbi, S.R., Sala, E., Selkoe, K.A., Stachowicz, J.J. & Watson, R. (2006). Impacts of 
Biodiversity Loss on Ocean Ecosystem Services. Science, 314(5800), 787–790. 
http://doi.org/10.1126/science.1132294  
 
